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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly-reliable data 4SkWwmwi*mi*f&2SM^ Vja>m&€*l 

storage device reduced in power consumption, and to provide a data 

read-out circuit and a data read-out method to be adopted into the i 

device. 

SOLUTION: This data storage device which comprises a bit line BL, 
and a memory cell (ferroelectric capacitor CF) connected to the bit 
line BL is provided with a capacitor C5 for accumulating supplied 
electric charges, a negative voltage generating circuit 9 and a P- 
channel MOS transistor T2, Vth generating circuit 1 1 and a 
feedback circuit 13, by which the electric charges accumulated in 
the memory cell according to stored data and outputted to the bit 
line BL at the time of reading the data are transferred to the 
capacitor 5, a sense amplifier circuit 5 for amplifying the voltage 
generated from the electric charges accumulated in the capacitor 
C5 and reading the data stored in the memory cell. 
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[f#3j<319 ] mrte^ * V -fe-»KJ. 

BuiB^* h^imria^u- h^i©^(cg^3ft/c®ii 

[ifjfc^ i o ] friai^ixf- v 7'-e«, ffiuiy'is- h 
SEA5^tbi//ct§^tc*su-c^B«gaf M^©sa*^ 
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[0001] 

[^©n-rss^if] ^bjij. ^-nm^mum 
©r*6. 

[0002] 

[fi£*©K^] 11B, ^*©^S^*'J©«fiS* 

(*3>7 ; >l7-CFi. N^-f ^;bMOS h^>^Xir 1 
20 2. 1 4, 1 7A. 17B. 18A. 18B, Tli, 
P?t*^MOSh7>yx$T8~T10t, 
•>$19, 22i. / - FNA, NB££fif;L&„ 
4s. l-»BLBb-^ FMICb l ^W-TS. 
[0 003] cc-c, N^i>*;UV10S h7>yx5i 1 
4«^- K^WLtCgiglSft. y-X/KU-T 
>©— JfS**t F^B LCCg^Sft. ffeS*5^«*3 
^T^ifCF&Cg^Sft*,, *ur. ^SSimftrJ^T 1 ^ 
tCFO- «tC«7'U- F^CP*igf^$ftSo 
[0 0 0 4] */c. Nft^MOS h7->^X^l 7 
30 A, 17 B©V- KCttSBEVc o N *^«i^3ft. N 
^«OS h7>^* 1 7 A©V-X/FU-f >&C 

OS l-7>yx$l 2©^- MCWSJEVN 

ft. Nf t^MOS h-7>^X^T l©y- MCttm 

ERES*5«^§tl-2.„ — ^3. P?t^MOSI-7> 

yx$T8©y- hfc«mnvp*5fitt&$ftSo 

[0 0 0 5] CCt, JilB^S#y*U{C*iU-CB. 
HI (C^3ft-SJ;^K. — l<D%S.mm»M mz— 

KDNft^Mos f-7>yx$ i At— ®<D%mn 

40 ftr3>7 r >-9-CFifcJ:»5«lfS3ft-5. 0 LT. C©^ 

[0 00 6] ^tC. iia^il^f*:^* U-fcAxvf-jr* 

•b;^ r l j ©tff«l?rS^iA^JS^«f i. 
i&M&tb. roj ©tWB%S#ii£ft&^«tr.y h^B 
LSrligHSVcci-ri. -fLtCOit, "7-F^ 

WL^rStt-fburN^f^^MOS h7>y^^ 14* 
so mmtmtT&t&tc* yv-vmcp^mm^Lto 
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fc«fc-s*aw«av c c t Lxwvmmmmcm?* 
roj ©ra**flB#rsc£ccas. a&\ f-^©§ 
[0007] ^cc, igsssawMM* y -fe^ef 5 -* 

WL*rSttit-r4C<b(c<fci5N^+*Jl/MOS h^>v 10 
ttSffi^ 6 SffiStt V c c * r »ff 3 i* 4 c <h CC J: 0. 
BLKSWr*"*. CCt, t'^F^BL(Dlfi^ SA« 

*»«tt*^*A**?-BWIIt«ttV c c £~C±M 
9, ?SSmttn>x>^CF&c^5ti/cf r -^^^ 

*£. £lT02 (a) RCFH2 (b) {Cij*3*i*J:5 

CC, mi£V c o n a^WERE SttftfcBt&lT 1 tcfcl* 30 

r, ov (u^/u^i/) ^6 3 v </WU"<ji,) -sffitt 

tr? bmBLonmzovtctnmitstiZo a*>\ 02 

(a) K:7j*3nSJ:5K:, milVc o N «B#^jT4$r 

[0010] B2 (c) Cc^3tiSJ:5tc, B$£iJ 

T2CC*Jt,vr'!7- FWWLaWSttffcStl, N:F**/UM 
OSF7>^^14^>n B fur, 02 (d) 

mtSLffiovf^hWKmuL ov) *T5i*±tf6ti*. 40 

[0 0 1 1 ] CCT, m^fflSSIS(*3>f J >^CF(D 
3^0.2 pF©tB^l33H8 % 0.05P F<D*§1^« 

ftl>H£tf? HBLWIttBJtlH* aiift3>f 
>*CF©|fe»SM#0.2p F©»^«0.5VaT?±» 

[0012] #«c, 02(e) CC5^S ti4 J: 5tc. B$^!J 50 
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T 5 CCfaHT-fe >xr>^Mt^ N * + *Jl/MO S 
F^>£?** 1 2©y- htett*&3ttS«EVN#/W 
U^UiSti*. CCDi^, 02 (h) Mi2 (i) 
fc7n3*iS<fc5K:, -/-FNA©*ffi (tf» F«BL© 
j&Jy-FNB©*tt (#«8«EV r . f ) «fc0fe 

«0Via9. FNB©«fl[W#«a«JIV r e r i 
-/-FNA©«tt*S-/- FNBCDSficfcO 
*>iSt>fg£-fc:«. H«r^Sti4J:^Cc:y- FNA©« 

fitt*swttM\ fn B©«(a« 0 Vet as. 

[0 0 13] 02 (f) fc^SftSefcSCC. 8#^J 

h 5 > ^ x £ T 8 cd y - h k fit £ 5 ti £ « EE V P # p ^ 
U^;l/£3*l£ 0 COit, 02 (h)Mi2 (i) 
cc7R3ft5<fc5«:. FNA©«(to&*y- KNB©1 
ffl^O*>ffitr>ateK:tt. «»C5*3ft5J:5fc:->--FN 
AO«(4ttOV<!:aO. KNB(Dlftii3 Via 
•So — ✓ - FNAOlfi^y- FNBC0«fi[J:0 £ 

tt3Vi&l KNBOlfitttO VtaSo 
[0 0 1 4] ±IB©J:5K:, KNASC;^- FNB 
<D— -fi<Dmk& 0 V <t S tiffi*©«fl[^3 Vi? ftfcf£ 
CC. ^-FNA©«flt*5tf9 H»BL«r/MyTeaSti 

mm&mfr Hi$tisc<f:5cas 0 
[0015] «±©<t 5 01 cc^snfc«e*oss8i 

fr6#fflSft*S«tt*tto.2pF, t^^na©**s 
MIpF, «BWBE*3Vi**i*tifiSEr4i. ^ 

hS^0V^63 V^r±^$-t±/ct#CDb*^ 
0»JEEttH2 (g) tC^^tiSct^CC, jf^3Vxo.2p 
F/ (0.2 P F+ 1 p F) CC<fc0»ffi3ft40.5V*:tt± 

mci(c&4. fie^r, RamK^EPAisnss 

Ett (3V-0.5V) 6CJ:0»ffl3n2.5Vta*. 

[0016] ic^t, i^iift^c Epijn 2 n £ 1%^ ffi 

W«:R*ffl-rc£3&stU*ac^«>. IE»att$R^fcBl< 

[0017] «w«K^*^-f^a»©fi«*{t 
(D3ffc»«»«E «> fir 3t4ci tm < *» 6 ti r c ^ 

«E©Rii(cJ:0Rifcfpr4pJffitt*sSi< a 4. 

[ooi8]fi£oT, *7^*'ai-fe>^r>^HBtt, 
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[0 0 2 0] 

[0 0 2 1 ] 35 fc. *»Ji©B Wtt, ^y-feJUKJBtt 

$ftfc7*-**K#a*»^ctei>T, 7 s -* wee t 

[0022] cct\ ±ffiy*y-fe^tt % ^u-h«ff 

[0023] *ur±facc*jiir«, f«ee#^ 
ft u fc«te fcifc i vt & tr ^ h u tc i > <fc 5 

*Ei«)irr*c<fc3&sr#i. 

[0 0 2 4] $fc#%9J©BW«:, fcTvUHi. fcT* h 

Mttt&ffi stitch-*: y -fe^ <b %^tf 7 s - * iBt^gr * 
or, «iftsftfc«w*«»r*««fMi#Si. ism 

[ 0 0 2 5 ] c ct, WfR£*a«, s^est^a^ 
©©hk* Ttn-r sciwo mffizmm-? ^^oi-r 
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[0 02 6] 

[0027] *mi<DmMmmt<cffi2>®mmfoJ : ev 

[0 02 8] feTFtete^T, *mKD7&8{Cffi&%B« 

*y*y*ttu<BMj-rs. H3B. 
««c«s?a«i«#y*yo«a*^rHKiar**. m 

^«E»iiaB9t, VthJSSiRl li, 

JbMOSh7>^X^TU, P^t^;l/MOSf7> 
20 y^ifT2i. +t^C5i, X^yf23A, 2 

[0 02 9 ] -eUT, Hz>^T>^lIB55», N^ + * 
Jl/MOSh7>^X3?12, 17, 18A. 18BiP 

*19£, FN A. NBi^tf 0 */c, MKlsy 
FH*7tty-FH»2 0"&, KKHIS2 ia»**^ 
^C6^ 0 £fc fc 7^-F^-^iB13ft * 
W^Cl, C2<tS^HIB2 4ao'StA^-?2 5^ 

30 iCbl, R^^mm^^f^v-CF ty'\y-buc 

[0 03 0] */c, y*y-feJMW*l 5(Ctt, tr*F» 

b l k. HHaa±K*ir>r«Haw4Lr«Lfcif5F f 
[0031] ccr, tE'>7 F@B7«:$*nyt*^ 

"'^*C6tt*+'*2'*C5£^Jfitt3ft. SE->7 
h0SS7(Dta^^- F«H2>xr>^@B5(D>- FN 
40 AtcSM^n^o v-ft^lEJttiBOB^-f 

[0 03 2] V t hSftlBl 1 «L*l>ffi« 

IEVTH*£J5fcU X^^23A4/HtPft*^ 
MOS h7>^^T2©y- F^*&*r-So "7 

OS F7>^^T2©y- FiOffflCcgJttStiS. 
[0 03 3] X-f **2 3 A«e^$n^miEV 

50 EV S w m CCjSDTfWfBISftSo •fe>^T>7"I5| 
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K5tC#*ftfcN****MOS bzr>is*2 1 7<D5* 

tt#JKWEEV r e f 2#«*&3*iS. 
[0 03 4114^ ia3«:*Sn/c**S6(OJB88tC« 

cc. H4te7n3**i*j:5«:. ^j-rzwaES&mviQ 

T6tC<fcDflteR3*K Vth»ftlBlltt+t^> 
C4i, *ft-etiy-f*-F««StifcP9 i + *il'MO 
Sh7>> ; X^T4 ) T5iCcj:0«JaESti«. CC 10 
T\ tt^>^C4««- #©«ffitCtt«EEV 

g v ^ea&sti*. 

[003 5 ]ife t X>f^2 3A»tt^C3i. 
P* + *Jl/MOS h7^X^T3, &tf#^:*-F« 
»3hfcPft*MOS h7>^^T7iK:j:0» 

j&3ft, *^^"^arc3*»j5j-rs— *©afficctt«BE 

V s w **«Jl&3*i4. 

[0 03 6] tt*s % H4K^n3ftS<fc5K:, 

EofttoOfcWEVG m tffilfturfci^ 20 
[0 0 3 7] ±B©J:5K:, *H«6©JB»K:ff*5iam 

t>«flrcs s<t ^iE«?n^ p ^ * *^mo s 

0V£3*i£ o 

[0 0 3 8 ] tTF&CfcHT, H3 CC^3nfc^J(S©J|5 30 

5 > y * * - b 4#il^S«t^ 
[0 0 3 9] *?\ 05 (a) K:^3tt5J:5K:, 

^mos h^>^**T i ©y- hoc«*&3ft*fi 

#RE S*HS8IT 1 fcte^r^-Y U^OCffiftftSfi-S 
05 (f ) &C^3ttfct^ h^BL(Dm{4«^«fem 

tttetottftsns. -;£>t©<t^ as <d) &c^3ft 

&«£5&c, «aaiTl*6l«i!lT2*'C©IB«:*5^r«EE 

Vs w tfiUOls'Ol'tStiZCtiCikQXj ^23A 

3^*>3ti, P?t^^MOSF7>^^T2©y- 40 

h«:L*(r*fi«EEVTH^EPttI3<T.5. 

[0 0 40] CCt, 04fc^3ftfcV t h|6£[HlKl 

lfcteOT, Pft*M0Sh7>^^T5tt^ 

*- FJftfcSftro*©-?, +o.7V©^^>^iaBt 
urgfc< <h*cc. ^f^^^c4^^f^Ii^ 

o G fif^T, 1EV G v 43V4tit*tA*/$C4 
CCttft2.3V«W3W3ti*. — P^t^MOS 
h7>^$T4i^>f*- FJ£tt3ntto.7V©«EE 

Ki^ *EEVTH*-o./VJ:OTtfttl>J:9ic 50 
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TZ&mZftL g£oT, ^EV G v £0V£T££HI 
EVTHttft-0.7Vi^c5 B 

[0 04 1 ] C©££, !EVTHttP^t*;I/MOS 

s) &«auxfli a*, cnct 

y- h«E**±»-rtitf*7ttttitt*. fur, p* 

t*;I/MOS h7>^^T2®y- HE*tSl/c 
»©B#59T2K:*Jlr>T* Pft^MOSh7>'yX$ 
T3W7gnS. 

[0042] ^/c P^t*^MOSh7>^^T3 

©y-ncmiEEv. w cciei;fc«E3W«»3ti*. c 

Ct\ P^t^MOSh7>^^T7tt^^-F 
gfttc 4ori»Sfc6, #jo . 7V ©miE P£T££ G + o . 7 
V0^7>^iBiLti<. ££oT, IEV S w £3 
Vit^i, P^ + ^ol/MOS h^>> ? X^T3cDy- 

+t^>^C3(C^2.3V^$tl^ 0 %(C«E 
Vs w £0 VCC-T^i, Pft*;HVIOSh7>^$ 
T3©y- h6ca-2.3V3»sm&3tiSA:ab4 a >KflUc; 
ft*. 

[0 04 3] 05 (a) K:^3ft& J: 5 OC, B$ 

SOT 3 Ccte^rm#R ES^n^ U^K^ffitfeftS 

N^t^^Mos h7>^x^T i w^^n^o 
^c. as (b) &C7fc3n&J:5K:, B8HT4k:*ji>t 
SEVswM^Wl/^Sn, X>f^23BW 
>3ft£ Q cn^J:0, v>r^^«IE^lHll89K:teLi 
r^3hfcft©«ffitt;W»*2 3B*»«U 0 5 

( j ) cc^sti&j^cc. mBEv„ n ttm«*>j-2.3 

V<hfr£ 0 _hfEHIIV„ n ©fitt-3V*-1.5 

[0 04 4] CCt, H4CC^3ti*S*WK:*Jl*r 
tt, Pf tWMOS h7>^^T6i*t^C 
5. C6M1EV G m *IWBrr*C&fcJ:DWiV 

EL^A-f l^rt^3ft<5c:£K:J:g tt^>C5 , 

^**T6«^:*- FStt3ftTC>Sfctf>, Wo. 7V 
©«BEI»T*ftD + o.7V©^^>^H*iLr»<. 

ovii-^ci^DtEv M n 3W-2.3Visns. 

[0 04 5] H3{CiS3nfc«E^ FHB7 

K; ^EV„ „ *ft2.3V«WiE#rt^5/7 hUfcHEE 
*m*T£[§]8g<!;3*-i£ 0 Ttttofc* 1EV M N «tl 

mmmjj<Dffi( / ctoi,>xmmz*£cz>tc#>< ^iev u n 
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[004 6] CC-C, 05 (c) CC^c£*l££5fc:. B# 

U^i^n, * + z^^r c 6 3 
fit, NFS!lT5KI*CC*j^rfi#SEL©U^;U 

*SD»>u^ut stiii, ±ie«Bj&* -fe > .x r > ^@s§ 

5©y- PNACCSBKStiS. C*iCC<fc?K y-KNA 

-So 

[0047]^, as (c) cc^snsi^tc, mm io 

F*6tfv H»BL^«Sf**ttlB3h. t'-;HgBL© 
^t^MOSF7>^^T2 ©y- F WBWTtf 6 
hilBLOBWfifttftOWEV.. n 

20 

[0 04 8] fi6o-C, 05 (j ) &c^S*iSJ:5K:*BE 
v M n tt«FSUT6Cc*5iir_fcSTS<fc*ec, H5 (f) 
ccs^snsj:5ccfcr^ FSBL<D«ffi«P3u^wc« 

fc*i*. CCt, fcf? h«BL©«E3«<tL«CC»il» 

^ci«, &#<rn«. if* ntBLaws-f >f-y> 

[0049]^fc k JOB0J:SCCtf* h*BLte*MH 
[0 05 0]lt ±E«:*5»S«EVm n fcMr*^ 

[0 0 5 1 ] CCT\ * + ^^*C5<D_biBWEEW:. ^ 
Vizs2CeZfrLX<teyXTl<'7'\Bl$&5<DS- FN A 
K*»3hTl>*fc«>, 0 5 ( j ) SO!5 <k) ttCtfk 40 
3*i£ <fc b 0CB$5iJT 6 SCfcOT fcfc, /-FN AODmtett 

fc, ■b>^T>^BK5CCfltt&-rS#«8«EEVr e f 2 

[005 2] T&*>*3, 05(g) CC^3*i&<fc 5 te, 
N^t^MOS h^>>>X£ 1 7©y- Ffcttte-r* 
lEVc o n BSS«JT6a«(D9fSJII!HI^-f U^UtC 
rSttlbT^ciccj: t) N^t^VMOS F^>^X£ 1 
7 4=*>U ^-FNB^iilEVref 24ft»f 50 



2002-133857 
10 

[0 0 5 3] -eUT, 05 (h) RVMb ( i ) &£^3 
ft£<fcMC B$SijT7«:fcl^TN5 1 f ^MOS F^> 
>?X£1 2©y-htCfit|&-r4«ffiVN«r^-YU^K: 
ffitSMkS-tf, B$#jT8tefcCrcP^**JVMOS F5> 
^^T8 ©y- h Kg^T £^JEV P 4 a 9 U^l/OC 
ffittfb£1±£o CtitciO, FNAO«t4*s^- F 
NBOHfir <#JRWEEVr e f 2) <fc Dft^W^CCtt. 
05 (k) ©Jiacc^SnSi^tC, /-FNA(DSffi 
tt«i8i«EEU^^ (3 V) *-T?±SU / — FNAOl 
fl[^/-FNB©ltt (•JHWEVr ef 2) <£9<£t> 
S^fctt, 05 (k) (D««te7n3*i£J:5K:* F 
NAOSfittJgttWEU^l/ (OV) S-CTF^^o 

[0054] «_t£ o , #iGtto^SK:ift«aais»y 

-fc'J CC*5l»t:tt % HfMT 8 amctett 2> S - FN AOS 

ffittJS (SttWAcy^y-fe^KBttShte^-dr) £§s 
[005 5] ±K*^<DJOt<^«K:ff 

or, tf» HRBL©«E±S*B5Cift6C. 

[0 0 5 6 ] Sfot, *%WCDHifeCD^i8&C^€>^g|m 
*M*yfcJ:*i«> ®SI»3>f>fCF^t^ 

tf* F«BL(D«BE±#%[aj8L'r»Sim3>7 s 
>*CF CC*M-SEn»I«E«:Se* J: 0 6*1 

[0057] a*. 4^ofttta>«ncff smmff 
y-eycctntt. ^-^ow^ujuccfc^rtr * f&b 

LCDttt^-Si 3 *i2fctt>» tT* KiBLB±«:*jW 

* -/ -y xcdus fefi*-r s c <b 3&$r # -So 

[005 8] $/c, fifcfc«y * »; -tr;b^e>m^i%^m 

OSWiStaciKliot, ^U-HRie* FiS 
(DPS (fC $> 4 y * y *k ;l/ EP Jra 3 *i S ^BE«/J^ 3 < ^ fc 

[0 05 9]gfot, ■fe;UCCEPJpS*i4*E*^*< U 
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«c**>-ttrasccR3Etr«s. 
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